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CHARGED PARTICLE BEAM CONTROL
DEVICE

TECHNICAL FIELD

The present invention relates to a charged particle beam
control device.

BACKGROUND ART

A deflection coil that deflects a charged particle beam by
a magnetic field 1s used 1n a charged particle beam control
device such as a scanning electron microscope for mspecting
a dimension of a fine pattern formed on a sample using the
charged particle beam. In order to scan the electron beam
applied onto the sample, 1t 1s necessary to adjust deflection
intensity by changing the magnitude and polarity of a
current flowing through the deflection coil. In addition, 1n
order to realize highly accurate dimensional inspection, it 1s
necessary to design a constant current circuit having high
stability.

A large number of coils are used in the charged particle
beam control device, and a deflection amount of the electron
beam 1s controlled for each deflection coil. Therefore, 1t 1s
necessary to prepare constant current circuits corresponding,
to the deflection coils.

From a viewpomt of reducing the size and cost of the
device, these constant current circuits need to be formed on
one substrate. In each constant current circuit, a return
current similar to the current flowing through the deflection
coil flows through a ground on the substrate, so that a
variation in a ground potential 1s often a problem.

PTL 1 discloses that a constant operation voltage 1s
applied to a load circuit 1n order to prevent the variation 1n
the ground potential.

CITATION LIST
Patent Literature

PTL 1: JP-A-2014-134862

SUMMARY OF INVENTION

Technical Problem

In the charged particle beam control device, a relationship
between a control signal and an output current in the
constant current circuit varies due to the variation in the
ground potential. As a result, the current flowing through the
deflection coil changes even when the control signal 1is
constant, and irradiation accuracy of an electron beam to a
sample 1s deteriorated.

PTL 1 describes a problem of the variation 1n the ground
potential. However, the problem specific to the charged
particle beam control device that the rradiation accuracy of
the electron beam 1s deteriorated due to the variation in the
ground potential and a solution thereol are not mentioned.

An object of the mvention 1s to prevent the irradiation
accuracy of the electron beam from deteriorating due to the
variation in the ground potential in the charged particle beam
control device.

Solution to Problem

A charged particle beam control device according to an
aspect of the invention includes a constant current source
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2

including a current control circuit that supplies a current to
a load based on a control signal for setting an amount of the
current to be applied to the load, and converts reflected
clectrons generated by irradiating a sample with a charged
particle beam nto an electrical signal and processes the
clectrical signal. The current control circuit includes: a
current conversion unit that supplies a constant current by
adjusting an amount of a current flowing through a current
detection resistor based on the control signal; a differential
amplification unit to which a voltage of a first ground side
terminal of the control signal and a voltage of a second
ground side terminal of the current detection resistor are
input, and that outputs an output signal proportional to a
voltage difference between the voltage of the first ground
side terminal and the voltage of the second ground side
terminal; and a correction unit to which the output signal
output from the differential amplification umt and the con-
trol signal are input, and that adds the output signal to the
control signal at a predetermined ratio.

A charged particle beam control device according to an
aspect of the invention includes a constant current source
that supplies a current to a load based on a control signal for
setting an amount of the current to be applied to the load, and
converts reflected electrons generated by i1rradiating a
sample with a charged particle beam 1nto an electrical signal
and processes the electrical signal. The constant current
source 1ncludes: a control signal input unit to which the
control signal 1s supplied and that includes a first ground side
terminal serving as a voltage reference of the control signal;
and a current control circuit that supplies the current to the
load based on the control signal from the control signal input
umt. The current control circuit includes: a voltage drive
transistor that includes a drive terminal, a first terminal and
a second terminal and causes a constant current to flow
between the first terminal and the second terminal by
supplying a drive voltage to the drive terminal; a current
detection resistor that 1s connected between a second ground
side terminal and a second load terminal of the load, a first
load terminal of the load being connected to the second
terminal of the voltage drive transistor; an operational
amplifier that supplies the drive voltage to the drive terminal
of the voltage drive transistor; and a differential amplifica-
tion unit to which a voltage of the first ground side terminal
and a voltage of the second ground side terminal are input,
and that outputs a voltage proportional to a voltage difler-
ence between the voltage of the first ground side terminal
and the voltage of the second ground side terminal to an
output terminal. A first terminal of a first resistor 1s con-
nected to the control signal mput unit, a first terminal of a
second resistor 1s connected to the output terminal of the
differential amplification unit, second terminals of the first
resistor and the second resistor are connected to each other,
the second terminal of the first resistor 1s connected to an
inversion input terminal of the operational amplifier, and a
third resistor 1s connected between the inversion input
terminal of the operational amplifier and the second load
terminal of the load.

A charged particle beam control device according to an
aspect of the invention includes a constant current source
that supplies a current to a load based on a control signal for
setting an amount of the current to be applied to the load, and
converts retflected electrons generated by i1rradiating a
sample with a charged particle beam 1nto an electrical signal
and processes the electrical signal. The constant current
source 1ncludes: a control signal input umt to which the
control signal 1s supplied and that includes a first ground side
terminal serving as a voltage reference of the control signal;
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and a current control circuit that supplies the current to the
load based on the control signal from the control signal input
unit. The current control circuit includes: a voltage drive
transistor that includes a drive terminal, a first terminal and
a second terminal and causes a constant current to flow
between the first terminal and the second terminal by
supplying a drive voltage to the drive terminal; a current
detection resistor that 1s connected between a second ground

side terminal and a second load terminal of the load, a first
load terminal of the load being connected to the second
terminal of the voltage drive transistor; a first operational
amplifier that supplies the drive voltage to the drive terminal
of the voltage drive transistor; and a differential amplifica-
tion unit to which a voltage of the first ground side terminal
and a voltage of the second ground side terminal are input,
and that outputs a voltage proportional to a voltage difler-
ence between the voltage of the first ground side terminal
and the voltage of the second ground side terminal to an
output terminal. A first terminal of a first resistor 1s con-
nected to the control signal input unit, a first terminal of a
second resistor 1s connected to the output terminal of the
differential amplification unit, second terminals of the first
resistor and the second resistor are connected to each other,
the second terminal of the first resistor 1s connected to an
inversion input terminal of a second operational amplifier, a
third resistor 1s connected between the inversion input
terminal of the second operational amplifier and an output
terminal of the second operational amplifier, the output
terminal of the second operational amplifier 1s connected to
a non-inversion mput terminal of the first operational ampli-
fier, a non-inversion mput terminal of the second operational
amplifier 1s connected to the first ground side terminal, and
an mversion mput terminal of the first operational amplifier
1s connected to the second load terminal of the load.

e

‘ect of Invention

Advantageous E

According to an aspect of the mnvention, 1n the charged
particle beam control device, the 1irradiation accuracy of the
clectron beam can be prevented from deteriorating due to the
variation in the ground potential.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram showing a configuration of a charged
particle beam control device.

FIG. 2 1s a circuit diagram showing an example of a
configuration of a current control circuit according to a first
embodiment.

FIG. 3 1s a schematic view showing an example of a
substrate layout.

FIG. 4 1s a circuit diagram showing an example of a
configuration of a current control circuit according to a
second embodiment.

FIG. 5 1s a circuit diagram showing an example of a
configuration of a current control circuit according to a third
embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments will be described with refer-
ence to the drawings.

First Embodiment

A configuration of a charged particle beam control device
will be described with reference to FIG. 1.
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4

As shown in FIG. 1, a charged particle beam control
device 100 includes an electron gun 101 that performs
irradiation with an electron beam (a charged particle beam)
102, electromagnetic deflectors 103a to 1034 that detlect the
clectron beam 102 to scan a surface of a sample 104 and
control an orbit of secondary electrons 105, a retlector 106
that retlects the secondary electrons 105 and the like gen-
crated from the sample 104, a detector 107 that captures
tertiary electrons generated from the reflector 106 and
converts the tertiary electrons into an electrical signal, and
a signal processing and i1mage generation unit 108 that
processes the detected electrical signal and generates 1image
information of the sample.

—

T'he image information generated by the signal processing
and 1mage generation unit 108 1s supplied to a computer 109
and displayed on a screen of the computer 109 as a sample
observation 1image. In addition, the charged particle beam
control device 100 includes a deflection control unit 110 and
a constant current source 111, and adjusts an amount of a
current applied to the electromagnetic detlectors 103a to
103d. The deflection control unit 110 supplies a control
signal for setting the amount of the current applied to the
clectromagnetic deflectors 103a to 1034 to the constant
current source 111. The constant current source 111 receives
the control signal and outputs the current to the electromag-
netic detlectors 103a to 1034.

Although FIG. 1 shows four types of electromagnetic
deflectors 103a to 1034, the invention 1s not limited thereto,
and more electromagnetic deflectors may be provided.

An imternal configuration of the constant current source
111 1n FIG. 1 will be described with reference to FIG. 3.

As shown i FIG. 3, the constant current source 111
includes a control signal input unit 2 that receives the control
signal from the deflection control unit 110, current control
circuits 1a and 15, and a power supply interface 21. Loads
103a and 1035 refer to the electromagnetic deflectors 1034
and 10354 1in FIG. 1. Here, current control circuits 1¢ and 14
corresponding to the electromagnetic deflectors 103¢ and
1034 are omitted.

A configuration of the current control circuit 1 of the
charged particle beam control device 100 according to a first
embodiment will be described with reference to FIG. 2.

As shown 1n FIG. 2, the current control circuit 1 drives the
load 103 by flowing a current Id, corresponding to a control
signal V1 supplied from the control signal input unit 2, to the
load 103. The current control circuit 1 includes a current
conversion unit 4, a differential amplification unit 5 and a
correction unit 6. A resistor R2 1s included in components of
both the current conversion unit 4 and the correction unit 6.

The current control circuit 1 detects a potential difference

between a ground potential G1 of the control signal input
umit 2 and a ground potential G2 of a resistor R1 1n the
differential amplification unit 5, and adds the detected poten-
tial difference to the current conversion unit 4 via the
correction unit 6. Accordingly, the current Id can be stabi-
lized even when the ground potential G2 varies with respect
to the ground potential G1.
The current conversion unit 4 includes resistors R1, R2
and R3, an operational amplifier 11, an NMOS transistor 12
and a PMOS transistor 13. The control signal V1 supplied
from the control signal mput unit 2 1s input to the current
conversion unit 4, and the current Id corresponding to the
control signal V1 1s supplied to the load 103, and the current
flowing to the load 103 1s pulled back to the current
conversion unit 4 to cause the current to tlow to the ground
(G2 via the resistor R1.
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Here, the resistor R2 1s connected between an output
terminal of the control signal input unit 2 for the control
signal V1 and an 1nversion input terminal of the operational
amplifier 11. The resistor R3 1s connected between the
inversion input terminal of the operational amplifier 11 and
the load 103. The resistor R1 1s connected between the
ground G2 and a connection point b of the resistor R3 and
the load 103. A voltage same as that of the ground G1 of the
control signal V1 1s input to a non-mnversion input terminal
of the operational amplifier 11. An output terminal of the

operational amplifier 11 1s connected to gate terminals of the
NMOS transistor 12 and the PMOS transistor 13.

The NMOS transistor 12 and the PMOS transistor 13 have
drain terminals respectively connected to a positive voltage
(+Vc) and a negative voltage (-Vc¢), and source terminals
connected to each other. In addition, the source terminals are
connected to one end of the load 103, and the other end of
the load 103 1s connected to the connection point b.

When the control signal V1 having the ground potential
(1 as a reference ground 1s 1mput to the current conversion
unit 4, a voltage V2 at the point b 1s given by an equation (1)
by an inversion amplification circuit including the opera-
tional amplifier 11 and the resistors R2 and R3.

V2=-V1x(R3/R2) Equation (1)

The current Id tlowing through the load 103 1s equal to a
current flowing through the resistor R1, and 1s given by an
equation (2) using the resistor R1 and both end voltages V2

and (G2 of the resistor R1.

1d=(V2-G2)/R1=-V1x{R3/(R2xR1)}-G2/R1 Equation (2)

Here, when the ground potential G1 of the control signal
V1 and the potential G2 of the resistor R1 on a ground side
are common, G2=0 1s substituted in the equation (2) to
obtain an equation (3).

Id=-V1x{R3/(R2xR1)} Equation (3)

A current error of the current Id generated by the potential
difference between the ground G1 and the ground G2 is
—G2/R1 by subtracting the equation (3) from the equation
(2).

Next, a circuit configuration and operation of the ditfer-
ential amplification unit 5 will be described.

The differential amplification unit 5 includes a resistor RS,
a resistor R6 and an operational amplifier 14. A voltage of
the ground G1 of the control signal input unit 2 and a voltage
of the ground G2 of the resistor R1 are imput to the
differential amplification unmit 5. The potential difference
between the ground G1 and the ground G2 (the voltage of
the ground G2 with respect to that of the ground G1) 1s
multiplied (inverted) by —1 and a result 1s output to a point
C.

Here, the resistor RS 1s connected between a wiring 1.2 for
detecting the voltage of the ground G2 and an nversion
input terminal of the operational amplifier 14. The resistor
R6 1s connected between the inversion mput terminal and an
output terminal of the operational amplifier 14. In addition,
a wiring L1 for detecting the voltage of the ground G1 of the
control signal mput unit 2 1s connected to a non-inversion
input terminal of the operational amplifier 14.

In addition, the dedicated wiring L1 1s preferably used to
connect such that a voltage of the non-inversion input
terminal of the operational amplifier 14 1s 1dentical with the
voltage of the ground G1 to avoid a potential difference in
the wiring L1. Similarly, the resistor RS and the ground G2
are preferably connected by the wiring .2 such that no
potential difference 1s generated at both ends of the wiring
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6

L.2. Further, the wiring .2 1s preferably wired such that the
voltage of the ground G2 close to a ground side terminal of
the resistor R1 can be obtained on a circuit board.

The differential amplification unit 5 forms an inversion
amplification circuit by causing resistance values of the
resistor RS and the resistor R6 to be identical with each
other. An output signal V3 at a terminal ¢ 1s expressed by the

following equation (4) based on the voltage of the ground
G1.

V3=—G2x{(R6/R5)=G2 Equation (4)

Next, a circuit configuration and operation of the correc-
tion unit 6 will be described. The correction unit 6 includes
the resistor R2 and a resistor R4. The control signal V1 and
the output signal V3 of the differential amplification unit 3
are input to the correction unit 6, and are connected via the
resistor R2 and the resistor R4 respectively. The control
signal V1 and the output signal V3 are mput to the inversion
input terminal of the operational amplifier 11. Here, R4 has
a resistance value same as that of R3.

When the control signal V1 having the ground potential
(1 as a reference ground and the output signal V3 of the
differential amplification unit 5 are mput to the current
conversion unit 4, the voltage V2 at the point b 1s given by

an addition circuit including the operational amplifier 11 and
the resistors R2, R3, and R4.

V2=—R3x(VI/R2+V3/R4)=-R3x(V1/R2-G2/R3)=

VIx(R3/R2)+G2 Equation (5)

The current Id flowing through the load 103 1s equal to the
current tlowing through the resistor R1, and 1s given by the
following equation using the resistor R1 and both end
voltages V2 and G2 of the resistor R1.

Id=(V2-G2)/R1=-V1x{R3/(R2xR1)} Equation (6)

The equation (6) 1s identical with the equation (3). That 1s,
regardless of the voltage of the ground G2, the current Id can
be uniquely determined by the resistance values of the
resistors R1, R2 and R3 with respect to the control signal
V1.

Positive and negative power supply voltages (not shown)
are applied to the operational amplifiers 11 and 14, and both
operational amplifiers can output the positive and negative
voltages. When a current 1s discharged to the load 103
(source), the operational amplifier 11 drnives the NMOS
transistor 12 with a positive voltage. When the current 1s
absorbed from the load 103 (sink), the operational amplifier
11 drives the PMOS ftransistor 13 with a negative voltage.
Accordingly, by controlling a voltage value of the control
signal V1 to include positive and negative polarities, a
source current source and a sink current source can be
operated with respect to the load 103.

Next, an example of a substrate layout 1n a case where a
plurality of current control circuits 1 are used on one
substrate will be described with reference to FIG. 3.
Although FIG. 3 shows the configuration in which two
current control circuits 1 are arranged, three or more current
control circuits 1 may be arranged.

As shown in FIG. 3, the constant current source 111
includes the control signal input unit 2, the current control
circuits 1a and 15, the loads 103a and 356, and the power

supply interface 21 for supplying power supply voltages
+Vc¢ and -Vc of the NMOS ftransistor 12 and the PMOS

transistor 13 of the current control circuits 1a and 15.

The constant current source 111 generates control signals
V1a and V1b based on the voltage of the ground G1 in the
control signal mput unit 2, and outputs the control signals
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V1a and V1b to the current control circuits 1la and 15
respectively. The control signal input unit 2 may function as
a bufler circuit to which analog voltages V1a and V1b
supplied from an outside of the constant current source 111
are mput and that supplies the analog voltages V1a and V1b
to the current control circuits 1a and 15 respectively.

Alternatively, the control signal input unit 2 may include
a DAC circuit. Digital signals supplied from the outside of
the constant current source 111 are mput to the DAC circuit,
and analog signals corresponding to digital values set in the
DAC circuit are output as the control signals V1a and V1b.

The control signal mput unit 2 wires the voltage of the
ground G1 of the control signal input unit 2 to the current
control circuits 1a and 15, together with the control signals
V1a and V1b. Preferably, a wiring width 1s large and a
wiring conductor 1s thick enough in order to provide the
same voltage of the ground G1 to the current control circuits
la and 1b.

The control signal V1a 1s mput to the current control
circuit 1a, and a corresponding current Ida 1s supplied to the
load 103a. The control signal V15 1s mput to the current
control circuit 15, and a corresponding current Idb 1s sup-
plied to the load 1035. The current control circuits 1a and 15
return the currents flowing through the loads 103a and 1035
respectively. The returned currents tflow to the power supply
interface 21 via a common ground of the constant current
source 111 and then to an externally connected power supply
circuit via a power supply cable.

In FIG. 3, the current Ida indicated by a broken line 1s a
current path that flows through the common ground and that
1s output from the current control circuit 1a. A voltage of a
ground G2a of the resistor R1 in FIG. 2 has a voltage value
different from that of the ground G1 due to an IR drop
generated by the flowing of the current Ida.

Similarly, the current Idb 1ndicated by a broken line 1s a
current path that flows through the common ground and that
1s output from the current control circuit 15. A voltage of a
ground G256 of the resistor R2 has a voltage value different
from that of the ground G1 due to an IR drop generated by
the flowing of the current Ida and the current Idb.

In the constant current source 111, the voltage of the
ground (1 1s not affected by the IR drop due to the flowing
of the currents Ida and Idb, and a stable voltage 1s obtained.
Therefore, a layout 1s preferably obtained in which the
control signal mput unit 2 1s arranged at a position different
from the paths through which the currents Ida and Idb on the
common ground flow.

When the control signal mput unit 2 and the current
control circuit 1a or 15 have to be arranged close to each
other due to the limitation of the substrate layout, a slit that
divides the common ground between the control signal input
unit 2 and the current control circuit 1a or 15 1s preferably
inserted, such that the current Ida or Idb does not flow
through the control signal input unit 2 as much as possible.
Alternatively, a similar eflect can also be obtained by
forming the ground 1 of the control signal input unit 2 and
the grounds G2a and G254 1n different layers and connecting
two grounds by a via or the like.

The first embodiment provides the charged particle beam
control device 100 that includes the constant current source
111 including the current control circuit 1 supplying a
current to the load 103 based on the control signal V1 for
setting the amount of the current to be applied to the load
103, and that converts reflected electrons generated by
irradiating the sample 104 with the charged particle beam
102 into an electrical signal and processes the electrical
signal.
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The current control circuit 1 includes: the current con-
version umt 4 that supplies the constant current Id by
adjusting the amount of the current flowing through the
current detection resistor R1 based on the control signal V1;
the differential amplification unit 5 to which the voltage of
the first ground side terminal G1 of the control signal V1 and
the voltage of the second ground side terminal G2 of the
current detection resistor R1 are mput, and that outputs the
output signal V3 proportional to the voltage diflerence
between the voltage of the first ground side terminal G1 and
the voltage of the second ground side terminal G2; and the
correction unit 6 to which the output signal V3 output {from
the differential amplification unit S and the control signal V1
are mput, and that adds the output signal V3 to the control
signal V1 at a predetermined ratio.

The charged particle beam control device 100 further
includes the detlection control unit 110 that generates the
control signal V1 for setting the amount of the current to be
applied to the electromagnetic deflector 103 as the load. The
constant current source 111 further includes the control
signal 1input unit 2 to which the control signal V1 from the
deflection control unit 110 1s mput. The current control
circuit 1 supplies the current to the electromagnetic deflector
103 based on the control signal V1 from the control signal
input unit 2.

The current conversion unit 4 further includes the opera-
tional amplifier 11. The correction unit 6 adds the output
signal V3 to the control signal V1 at the predetermined ratio
using addition circuits (11, R2, R3 and R4) of the operational
amplifier 11.

More specifically, the current control circuit 1 according
to the first embodiment includes: the voltage drive transistor
12 that includes a drive terminal (gate terminal), a first
terminal (12 +Vc¢ side) and a second terminal (12 load side)
and causes the constant current Id to flow between the first
terminal (12 +Vc¢ side) and the second terminal (12 load
side) by supplying a drive voltage (11 output voltage) to the
drive terminal (12 gate terminal, that 1s, a terminal to which
11 output 1s connected); a current detection resistor R1 that
1s connected between the second ground side terminal G2
and a second load terminal (b) of the load 103, a first load
terminal (12 side) of the load 103 being connected to the
second terminal of the voltage drive transistor 12; an opera-
tional amplifier 11 that supplies the drive voltage to the drive
terminal of the voltage drive transistor 12; and the differ-
ential amplification unit 5 to which the voltage of the first
ground side terminal G1 and the voltage of the voltage of the
second ground side terminal G2 are input, and that outputs
the voltage V3 proportional to the voltage difference
between the voltage of the first ground side terminal G1 and
the voltage of the second ground side terminal G2 to an
output terminal (c).

A first terminal (2 side) of the first resistor R2 1s connected
to the control signal input unit 2. A first terminal (5 side) of
the second resistor R4 1s connected to the output terminal of
the differential amplification unit 5. Second terminals (11
inversion input terminal side) of the first resistor R2 and the
second resistor R4 are connected to each other, and the
second terminal of the first resistor R2 1s connected to the
inversion mput terminal of the operational amplifier 11. The
third resistor R3 1s connected between the inversion input
terminal of the operational amplifier 11 and the second load
terminal of the load 103.

The non-inversion imput terminal of the operational
amplifier 11 1s connected to the first ground side terminal
(1. The differential amplification unit 5 iverts the voltage
difference between the voltage of the first ground side
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terminal G1 and the voltage of the second ground side
terminal G2 by -1, and outputs a result to the output terminal
(¢). The second resistor R4 has a resistance value same as
that of the third resistor R3.

In the first embodiment, even when the voltage of the
ground G2 of the resistor R1 1n the current control circuit 1
has a difference with respect to the voltage of the ground G1
of the control signal, particularly due to the returned current
from the load flowing through the common ground on the
substrate, a highly stable constant current can be supplied to
the load 103 by the configuration of the current control
circuit 1 to which the differential amplification unit 5 and the
correction unit 6 are added. Accordingly, an irradiation
position of the electron beam 102 to the sample 104 can be
controlled with high accuracy, and a sample 1image having
high resolution can be generated.

Second Embodiment

A configuration of the current control circuit 1 of the
charged particle beam control device 100 according to a
second embodiment will be described with reference to FIG.
4.

Similar to the first embodiment, the current control circuit
1 according to the second embodiment includes the current
conversion umt 4, the differential amplification unit 5 and
the correction unit 6. The second embodiment 1s different
from the first embodiment in that a non-inversion input
terminal of the operational amplifier 11 1s connected to a
ground side terminal of the resistor R1 i the current
conversion unit 4, and the differential amplification unit 5
includes resistors R7 and R8 and an operational amplifier 15.
Other parts of the configuration are the same as those of the
current control circuit 1 according to the first embodiment.

When the control signal V1 having the ground potential
(1 as a reference ground 1s 1mput to the current conversion
unit 4, the voltage V2 at the point b 1s given by an equation
(7) by an inversion amplification circuit including the opera-
tional amplifier 11 and the resistors R2 and R3.

V2=—VIx(R3/R2)+G2x(R2+R3)/R2 Equation (7)

The current Id flowing through the load 103 1s equal to a
current flowing through the resistor R1, and 1s given by an
equation (8) using the resistor R1 and both end voltages V2

and (G2 of the resistor R1.

1d=(V2-G2)/R1=-(V1-G2)x{R3/(R2xR1)} Equation (8)

Here, when a voltage of the ground G1 of the control
signal V1 and a voltage of the ground G2 of the resistor R1
are common, G2=0 1s substituted i1n the equation (8) to
obtain an equation (9).

Id=-V1x{R3/(R2xR1)} Equation (9)

A current error of the current Ida generated by a potential
difference between the ground G1 and the ground G2 1is
G2x{R3/(R2xR1)} by subtracting the equation (9) from the
equation (8).

Next, a circuit configuration and operation of the ditfer-
ential amplification unit 5 will be described.

The voltage of the ground G1 of the control signal V1 and
the voltage of the ground G2 of the resistor R1 are mput to
the differential amplification umt 5, the potential difference
between the ground G1 and the ground G2 (the voltage of
the ground G2 with respect to that of the ground G1) 1s
doubled and a result 1s output to the point c.

Here, the ground side terminal of the resistor R1 1s
connected to a non-inversion input terminal of the opera-
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tional amplifier 15 by the wiring L2. The resistor R7 1s
connected between the wiring L1 to which the voltage of the
ground G1 of the control signal input unit 2 1s supplied and
an mversion input terminal of the operational amplifier 15.
The resistor R8 1s connected between the iversion input
terminal of the operational amplifier 15 and an output
terminal of the operational amplifier 15. The winng L2
preferably has a large wiring width to avoid a potential
variation due to the IR drop such that a voltage of the
non-inversion input terminal of the operational amplifier 15
1s 1dentical with the voltage of the ground G2. Similarly, the
wiring L1 preferably has a large wiring width to avoid the
IR drop 1n the wiring L1 such that the voltage of the ground
G1 1s supplied to the resistor R7.

In the differential amplifier 5, the resistors R7 and RS
have the same resistance value to form a non-inversion
amplification circuit, and whereby the output signal V3 at
the point ¢ 1s expressed by the following equation (9) based
on the voltage of the ground G1.

V3=G2x(1+R&/R7)=2xG2 Equation (9)

Next, a circuit configuration and operation of the correc-
tion unit 6 will be described. The control signal V1 and the
output signal V3 of the differential amplification unit 5 are
input to the correction unit 6, and are connected via the
resistor R2 and the resistor R4 respectively. The control
signal V1 and the output signal V3 are supplied to the
iversion mmput terminal of the operational amplifier 11.
Here, R4 uses a resistance value same as that of R2.

When the control signal V1 having the ground potential
(1 as a reference ground and the output signal V3 of the
differential amplification unit 5 are mput to the current
conversion unit 4, the voltage V2 at the point b 1s given by
an equation (10) by an addition circuit including the opera-
tional amplifier 11 and the resistors R2, R3 and R4.

P2=—V1Ix(R3/R2)+G2x(1+R3/R2-R3/R4)=—V1x(R3/

R2+G2 Equation (10)

The current Id flowing through the load 103 1s equal to the
current flowing through the resistor R1, and 1s given by an

equation (11) using the resistor R1 and both end voltages V2
and G2 of the resistor R1.

Id=(V2-G2)/R1=-V1x{R3/(R2xR1)}

The equation (11) 1s 1dentical with the equation (9). That
1s, regardless of the voltage of the ground G2, the current Id
can be uniquely determined by the resistance values of the
resistors R1, R2 and R3 with respect to the control signal
V1.

Positive and negative power supply voltages (not shown)
are applied to the operational amplifiers 11 and 15, and both
operational amplifiers can output the positive and negative
voltages. When a current 1s discharged to the load 103
(source), the operational amplifier 11 drives the NMOS
transistor 12 with a positive voltage. When the current 1s
absorbed (sink), the operational amplifier 11 dnives the
PMOS transistor 13 with a negative voltage. An arbitrary
current can be supplied to the load 103 by controlling the
magnitude and polarity of the voltage of the control signal
V1.

In the second embodiment, the non-inversion input ter-
minal of the operational amplifier 11 1s connected to the
second ground side terminal G2. The differential amplifica-
tion unit 5 doubles the voltage difference between the
voltage of the first ground side terminal G1 and the voltage
of the second ground side terminal G2, and outputs a result

Equation (11)
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to the output terminal (c¢). The second resistor R4 has a
resistance same as that of the first resistor R2.

In the second embodiment, when the operational amplifier
11 and the resistor R1 are arranged close to each other 1n a
substrate layout, the non-inversion iput terminal of the
operational amplifier 11 1s close to the ground side terminal
of the resistor R1, so that the effect of facilitating an wiring
layout of the substrate 1s obtained.

Third Embodiment

A configuration of the current control circuit 1 of the
charged particle beam control device 100 according to a

third embodiment will be described with reterence to FIG.
5.

Similar to the first and second embodiments, the current
control circuit 1 according to the third embodiment 1includes
the current conversion unit 4, the differential amplification
unit 5 and the correction unit 6.

The current conversion unit 4 includes resistors R1, R2
and R9, operational amplifiers 15 and 16, the NMOS tran-
sistor 12 and the PMOS transistor 13. The control signal V1
supplied from the control signal input umt 2 1s mput to the
current conversion umit 4, the current Id corresponding to the
control signal V1 1s supplied to the load 103, and the current
flowing to the load 103 1s pulled back to the current
conversion umt 4 to cause the current to tlow to the ground
(G2 via the resistor R1.

Here, the resistor R2 1s connected between an output
terminal of the control signal V1 of the control signal input
unit 2 and an inversion input terminal of the operational
amplifier 16. The resistor R9 1s connected between the
inversion iput terminal of the operational amplifier 16 and
an output terminal of the operational amplifier 16. A voltage
same as that of the ground G1 of the control signal mnput unit
2 1s 1put to a non-inversion mput terminal of the operational
amplifier 16. The output terminal of the operational ampli-
fier 16 1s connected to a non-nversion input terminal of the
operational amplifier 15. The inversion input terminal of the
operational amplifier 15 1s connected to the load 103.

The resistor R1 1s connected between the ground G2 and
the connection point b of the inversion input terminal of the
operational amplifier 15 and the load 103. The output
terminal of the operational amplifier 15 1s connected to gate
terminals of the NMOS ftransistor 12 and the PMOS tran-
sistor 13. The NMOS transistor 12 and the PMOS transistor
13 have drain terminals respectively connected to a positive
voltage (+Vc¢) and a negative voltage (-Vc¢), and source
terminals connected to each other. The source terminals of
both transistors are connected to one end of the load 103, and
the other end of the load 103 i1s connected to the point b.

When the control signal V1 having the ground potential
(1 as a reference ground 1s 1mput to the current conversion
unit 4, the voltage V2 at the point b 1s given by an equation
(12) by an mversion amplification circuit including the
operational amplifier 16 and the resistors R2 and R9 as well
as a non-inversion amplification circuit including the opera-
tional amplifier 15.

V2=—V1x(R9/R2) Equation (12)

The current Id flowing through the load 103 1s equal to a
current tlowing through the resistor R1, and 1s given by an

equation (13) using the resistor R1 and both end voltages V2
and G2 of the resistor R1.

1d=(V2-G2)/R1=-V1x{R9/(R2xR1)}-G2/R1 Equation (13)
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Here, when a voltage of the ground G1 of the control
signal V1 and a voltage of the ground G2 of the resistor R1
are common, G2=0 1s substituted 1in the equation (13) to
obtain an equation (14).

Id=-V1x{R9/(R2xR1)} Equation (14)

A current error of the current Id generated by a potential
difference between the ground G1 and the ground G2 is
—-(G2/R1 by subtracting the equation (14) from the equation
(13).

Next, a circuit configuration and operation of the difler-
ential amplification unit 5 will be described.

The differential amplification unit 5 has a configuration
same as that of the first embodiment of the invention, and
includes the resistors RS and R6 and the operational ampli-
fier 14. The voltage of the ground G1 of the control signal
input unit 2 and the voltage of the ground G2 of the resistor
R1 are mput to the differential amplification unit 5. The
potential diflerence between the ground G1 and the ground
(G2 (the voltage of the ground G2 with respect to that of the
ground G1) 1s multiplied (inverted) by -1 and a result 1s
output to the point c.

Here, the resistor R5 1s connected between the wiring 1.2
that detects the voltage of the ground side terminal (the
ground G2) of the resistor R1 and the inversion input
terminal of the operational amplifier 14. The resistor R6 1s
connected between the mversion mput terminal of the opera-
tional amplifier 14 and the output terminal of the operational
amplifier 14. The voltage of the ground G1 of the control
signal input unit 2 1s supplied to the non-inversion input
terminal of the operational amplifier 14 via the wiring L1.

In the differential amplifier 5, the resistors RS and R6
have the same resistance value to form an mversion ampli-
fication circuit, and the output signal V3 1s expressed by a
following equation (15) based on the voltage of the ground

Gl.

V3=—G2x(R6/R5)=—G2 Equation (15)

Next, a circuit configuration and operation of the correc-
tion unit 6 will be described.

The correction unit 6 includes part of components of the
current conversion unit 4, and includes the resistors R2, R4
and R9 and the operational amplifier 16. The control signal
V1 and the output signal V3 of the differential amplification
unit 5 are input to the correction unit 6, and are connected
via the resistor R2 and the resistor R4 respectively. The
control signal V1 and the output signal V3 are supplied to
the inversion input terminal of the operational amplifier 16.

When the control signal V1 having the ground potential
(1 as a reference ground and the output signal V3 of the
differential amplification unit § are mput to the current
conversion unit 4, the voltage V2 at the point b 1s given by
an equation (16) by an addition circuit including the opera-
tional amplifier 16 and the resistors R2, R4 and R9 as well
as a non-inversion amplification circuit including the opera-
tional amplifier 15.

V2=—ROx(V1/R2+V3/R4)=—ROx(V1/R2-G2/R4)=—

VIX(RO/R2)+G2x(R9/R4) Equation (16)

The current Id flowing through the load 103 1s equal to the
current flowing through the resistor R1, and 1s given by an

equation (17) using the resistor R1 and both end voltages V2
and G2 of the resistor R1.

1d=(V2-G2)/R1=-V1x{R9/(R2xR1)} +G2x(R9Y/R4~1)/

R4 Equation (17)
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Here, the resistors R4 and R9 are assumed to have
resistance values same as that of the resistor R2, and
whereby the equation (17) can be expressed by the following
equation (18).

Id=-V1/R1 Equation (18)

The equation (18) indicates that a relationship between
the control signal V1 and the current Id can be expressed
only by the resistor R1, and the current Id can be determined
with respect to the control signal V1 regardless of the
voltage of the ground G2 of the resistor R1.

Positive and negative power supply voltages (not shown)
are applied to the operational amplifiers 14, 15 and 16, and
the operational amplifiers can output the positive and nega-
tive voltages. When a current i1s discharged to the load
(source), the operational amplifier 15 drives the NMOS
transistor 12 with a positive voltage. When the current 1s
absorbed (sink), the operational amplifier 15 drives the
PMOS ftransistor 13 with a negative voltage. An arbitrary
current can be supplied to the load by controlling the
magnitude and polarity of the voltage of the control signal
V1.

The third embodiment provides the charged particle beam
control device 100 that includes the constant current source
111 that supplies a current to the load 103 based on a control
signal V1 for setting the amount of the current to be applied
to the load 103, and that converts retlected electrons gen-
crated by irradiating the sample 104 with the charged
particle beam 102 1nto an electrical signal and processes the
clectrical signal.

The constant current source 111 includes: the control
signal input unit 2 to which the control signal V1 1s supplied
and that includes the first ground side terminal G1 serving as
a voltage reference of the control signal V1; and the current
control circuit 1 that supplies the current to the load 103
based on the control signal from the control signal input unit
2.

The current control circuit 1 includes: the voltage drive
transistor 12 that includes the drive terminal (gate terminal),
the first terminal (12 +Vc¢ side) and the second terminal (12
load side) and causes the constant current Id to flow between
the first terminal (12 +Vc¢ side) and the second terminal (12
load side) by supplying the drive voltage (11 output voltage)
to the drive terminal (12 gate terminal, that 1s, a terminal to
which 11 output 1s connected); the current detection resistor
R1 that 1s connected between the second ground side ter-
minal G2 and the second load terminal (b) of the load, the
first load terminal (12 side) of the load 103 being connected
to the second terminal of the voltage drive transistor 12; the
first operational amplifier 15 that supplies the drive voltage
to the drive terminal of the voltage drive transistor 12; and
the differential amplification unit 5 to which the voltage of
the first ground side terminal G1 and the voltage of the
second ground side terminal G2 are input, and that outputs
the voltage V3 proportional to a voltage difference between
the voltage of the first ground side terminal G1 and the
voltage of the second ground side terminal G2 to the output
terminal (c).

The first terminal (2 side) of the first resistor R2 1s
connected to the control signal mput unit 2. The {irst
terminal (5 side) of the second resistor R4 1s connected to the
output terminal of the differential amplification unit 5.
Second terminals (16 inversion input terminal side) of the
first resistor R2 and the second resistor R4 are connected to
each other, and the second terminal of the first resistor R2 1s
connected to the iversion input terminal of the second
operational amplifier 16. The third resistor R9 1s connected
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between the mversion mput terminal of the second opera-
tional amplifier 16 and the output terminal of the second
operational amplifier 15. The output terminal of the second
operational amplifier 16 and the non-inversion input termi-
nal of the first operational amplifier 15 are connected. The
non-inversion iput terminal of the second operational
amplifier 16 1s connected to the first ground side terminal
(G1. The mversion mput terminal of the first operational
amplifier 15 1s connected to the second load terminal (b) of
the load 103.

The charged particle beam control device 100 further
includes the detlection control unit 110 that generates the
control signal for setting the amount of the current to be
applied to the electromagnetic deflector 103 as the load. The
control signal V1 from the deflection control umt 110 1is
input to the control signal input unit 2. The current control
circuit 1 supplies the current to the electromagnetic deflector
103 based on the control signal V1 from the control signal
input unit 2.

The differential amplification unit 5 inverts the voltage
difference between the voltage of the first ground side
terminal G1 and the voltage of the second ground side
terminal G2 by —1, and outputs a result to the output terminal
(c). The second resistor R4 and the third resistor R9 have
resistance values same as that of the first resistor R2.

In the third embodiment, since the voltage polarity of the
control signal generated by the deflection control unit 110 1s
identical with the polarity of the current output to the load,
the effect of facilitating the control algorithm of the deflec-
tion control unit 110 1s obtained. In the first and second
embodiments, when the resistance R3 1s not a sufliciently
large value as compared with the resistor R1, the current Id
increases or decreases greatly due to the amount of the
current flowing through the resistor R3. However, the circuit
design 1n the third embodiment 1s easy since all the currents

Id flow through the resistor R1.

REFERENCE SIGN LIST

100 charged particle beam control device
101 electron gun

102 electron beam

103 electromagnetic detlector

104 sample

105 secondary electron

106 retlector

1077 detector

108 signal processing and 1mage generation unit
109 computer

110 deflection control unit

111 constant current source

1 current control circuit

2 control signal mput unit
103 load

4 current conversion unit

5 differential amplification unit

6 correction unit

11, 14, 15 and 16 operational amplifier

12 NMOS transistor
13 PMOS ftransistor
21 power supply interface

The mvention claimed 1is:

1. A charged particle beam control device that converts
reflected electrons generated by wrradiating a sample with a
charged particle beam 1nto an electrical signal and processes
the electrical signal, the charged particle beam control
device comprising:
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a constant current source including a current control
circuit that supplies a current to a load based on a
control signal for setting an amount of the current to be

applied to the load, wherein

the current control circuit includes
a current conversion unit that supplies a constant cur-

rent by adjusting an amount of a current flowing
through a current detection resistor based on the
control signal,

a differential amplification unit to which a voltage of a
first ground side terminal of the control signal and a
voltage of a second ground side terminal of the
current detection resistor are input, and that outputs
an output signal proportional to a voltage difference
between the voltage of the first ground side terminal
and the voltage of the second ground side terminal,
and

a correction unit to which the output signal output from
the differential amplification umt and the control
signal are input, and that adds the output signal to the
control signal at a predetermined ratio.

2. The charged particle beam control device according to
claim 1, further comprising:

a detlection control unit that generates the control signal
for setting the amount of the current to be applied to an
clectromagnetic deflector as the load, wherein

the constant current source further includes a control
signal iput unit to which the control signal from the
deflection control unit 1s mput, and

the current control circuit supplies the current to the
clectromagnetic detlector based on the control signal
from the control signal mput unit.

3. The charged particle beam control device according to

claim 1, wherein

the current conversion unit further includes an operational
amplifier, and

the correction unit adds the output signal to the control
signal at the predetermined ratio using an addition
circuit of the operational amplifier.

4. A charged particle beam control device that converts
reflected electrons generated by irradiating a sample with a
charged particle beam into an electrical signal and processes
the electrical signal, the charged particle beam control
device comprising:

a constant current source that supplies a current to a load
based on a control signal for setting an amount of the
current to be applied to the load, wherein

the constant current source includes
a control signal input unit to which the control signal 1s

supplied and that includes a first ground side termi-
nal serving as a voltage reference of the control
signal, and

a current control circuit that supplies the current to the
load based on the control signal from the control
signal input unit,

the current control circuit includes
a voltage drive transistor that includes a drive terminal,

a first terminal and a second terminal, and causes a
constant current to tlow between the first terminal
and the second terminal by supplying a drive voltage
to the drive terminal,

a current detection resistor that 1s connected between a
second ground side terminal and a second load
terminal of the load, a first load terminal of the load
being connected to the second terminal of the voltage
drive transistor,
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an operational amplifier that supplies the drive voltage
to the drive terminal of the voltage drive transistor,
and

a differential amplification unit to which a voltage of a
first ground side terminal and a voltage of a second
ground side terminal are mput, and that outputs a
voltage proportional to a voltage diflerence between
the voltage of the first ground side terminal and the
voltage of the second ground side terminal to an
output terminal, and

a first terminal of a first resistor 1s connected to the control
signal input unit, a first terminal of a second resistor 1s
connected to the output terminal of the differential
amplification unit, second terminals of the first resistor
and the second resistor are connected to each other, the
second terminal of the first resistor 1s connected to an
iversion mput terminal of the operational amplifier,
and a third resistor 1s connected between the mversion
input terminal of the operational amplifier and the
second load terminal of the load.

5. The charged particle beam control device according to

claim 4, further comprising:

a deflection control unit that generates the control signal
for setting the amount of the current to be applied to an
clectromagnetic deflector as the load, wherein

the control signal from the deflection control unit 1s 1nput
to the control signal input unit, and

the current control circuit supplies the current to the
clectromagnetic deflector based on the control signal
from the control signal input unit.

6. The charged particle beam control device according to

claim 4, wherein

the inversion mput terminal of the operational amplifier 1s
connected to the first ground side terminal,

the differential amplification unit 1nverts a voltage ditler-
ence between the voltage of the first ground side
terminal and the voltage of the second ground side
terminal by -1, and outputs a result to the output
terminal, and

the second resistor has a resistance value same as that of
the third resistor.

7. The charged particle beam control device according to

claim 4, wherein

a non-inversion input terminal of the operational amplifier
1s connected to the second ground side terminal,

the differential amplification unit doubles a voltage dii-
ference between the voltage of the first ground side
terminal and the voltage of the second ground side
terminal, and outputs a result to the output terminal,
and

the second resistor has a resistance value same as that of
the first resistor.

8. A charged particle beam control device that converts
reflected electrons generated by irradiating a sample with a
charged particle beam 1nto an electrical signal and processes
the electrical signal, the charged particle beam control
device comprising:

a constant current source that supplies a current to a load
based on a control signal for setting an amount of the
current to be applied to the load, wherein

the constant current source includes
a control signal input unit to which the control signal 1s

supplied and that imncludes a first ground side termi-
nal serving as a voltage reference of the control
signal, and
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a current control circuit that supplies the current to the fier, a third resistor 1s connected between the 1nversion
load based on the control signal from the control input terminal of the second operational amplifier and
signal mput unit, an output terminal of the second operational amplifier,
the current control circuit includes the output terminal of the second operational amplifier
a voltage drive transistor that includes a drive terminal, 5 is connected to a non-inversion input terminal of the
a first terminal and a second terminal, and causes a first operational amplifier, a non-inversion input termi-

constant current to flow between the first terminal
and the second terminal by supplying a drive voltage
to the drive terminal,

a current detection resistor that 1s connected between a 10
second ground side terminal and a second load
terminal of the load, a first load terminal of the load
being connected to the second terminal of the voltage
drive transistor,

a first operational amplifier that supplies the drive 15
voltage to the dnive terminal of the voltage drive
transistor, and

a differential amplification unit to which a voltage of a
first ground side terminal and a voltage of a second
ground side terminal are input, and that outputs a 20
voltage proportional to a voltage diflerence between
the voltage of the first ground side terminal and the
voltage of the second ground side terminal to an
output terminal, and

a first terminal of a first resistor 1s connected to the control 25
signal input unit, a first terminal of a second resistor 1s
connected to the output terminal of the differential
amplification unit, second terminals of the first resistor
and the second resistor are connected to each other, the

second terminal of the first resistor 1s connected to an 30

inversion input terminal of a second operational ampli- I I

nal of the second operational amplifier 1s connected to
the first ground side terminal, and an inversion input
terminal of the first operational amplifier 1s connected
to the second load terminal of the load.

9. The charged particle beam control device according to

claim 8, further comprising:

a detlection control unit that generates the control signal
for setting the amount of the current to be applied to an
electromagnetic deflector as the load, wherein

the control signal from the deflection control unit 1s input
to the control signal input unit, and

the current control circuit supplies the current to the
clectromagnetic deflector based on the control signal
from the control signal input unit.

10. The charged particle beam control device according to

claim 8, wherein

the differential amplification unit inverts the voltage dii-
ference between the voltage of the first ground side
terminal and the voltage of the second ground side
terminal by -1, and outputs a result to the output
terminal, and

the second resistor and the third resistor have resistance
values same as that of the first resistor.
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